A commercial quality control serum (Dade, EnzaTrol), the activity of which had been determined previously using a manual spectrophotometric technique (Henry, Chiamori, Golub, and Berkman, 1960) , was used for single-point standardization of the instrument. A pooled ox serum of low transaminase activity
Transaminase assays comprise a large proportion of the routine enzyme work load of many laboratories, so that some form of automated analysis is essential in larger clinical chemistry laboratories. At present, the most widely employed methods of analysis are discrete reaction rate analysis or continuous flow analysis.
Reaction rate analysis has several practical and theoretical advantages over methods based on twopoint analysis, such as the ability to measure initial reaction rates, or to select a linear portion of the reaction progress curve in the case of reactions with a 'lag' phase; separate 'blank' determinations are not usually necessary and a wide range of enzyme activity may be measured without dilution of the sample.
However, in some circumstances continuous flow methods may have practical advantages. The equipment is versatile, reliable, and familiar to most laboratory workers, and sample preparation is reduced to a minimum. Furthermore, different analyses may conveniently be grouped together either on a functional basis, eg, 'liver function tests ', or The LKB 8600 reaction rateanalyser(LKB-Produkter AB, Bromma, Sweden) was used for kinetic enzyme reaction rate determinations. The reagent concentrations for both AST and ALT were those of Henry, Chiamori, Golub, and Berkman (1960) ; the performance of the methods has been described previously (Smith, Brown, and Taylor, 1970) .
REAGENTS
'Packaged' reagents for AST and ALT, supplied by Technicon, were used in some of the assessments of the performance of the AutoAnalyzer. Otherwise the reagents were prepared fresh on the day of analysis using the reagent concentrations specified by the manufacturer (Technicon methodology AA 11-10 for AST, AA II-22 for ALT).
Results

GENERAL
No difficulties were experienced in setting up and running the AST analysis The main practical problem lay in the correction of occasional blockages which occurred in the sample probe.
However, ALT analysis initially presented problems, all related to the presence of the blank channel (qv). After the faults due to improper blank subtraction had been diagnosed and corrected, few difficulties with the operation of the method were encountered.
ACCURACY
There are special problems associated with any assessment of the accuracy of enzyme methods. First, the reaction should be specific for the enzyme being measured, and the observed reaction velocity, or peak height, should be directly proportional to the concentration of enzyme. Secondly, there are problems of standardization; these present difficulties with all methods of enzyme assay, but additional difficulties are encountered when continuous flow analysis is considered. In this section different aspects of the accuracy of transaminase assays are considered under separate headings.
Blank correction
The AST method has no blank channel and is, therefore, liable to be inaccurate if the serum contains either (a) oxaloacetate or other chemicals which react with NADH and malate dehydrogenase; such materials will cause an apparent increase in enzyme activity; (b) dialyzable substances which absorb at 340 nm; these substances will cause an apparent decrease in enzyme activity.
Specimens submitted to the laboratory for AST analysis were screened for either type of material by running a 'blank' AST analysis, ie, replacing substrate with phosphate buffer. No significant blank effect was noted. However, some laboratories have informed Technicon of difficulties with AST analysis in patients in renal dialysis units. We have confirmed that sera from patients on renal dialysis or with chronic renal failure contain a substance which absorbs at 340 nm and which may cause inappropriately low or even negative AST results on the AutoAnalyzer. This substance is partially removed from the serum by haemodialysis. In none of the 40 sera from patients on renal dialysis or with chronic renal disease was the effect sufficient to lower the apparent AST activity by more than 15 iu/l.
The results at first obtained for ALT were too high and suggested that the blank was being only partially subtracted. To test this hypothesis, substrate was pumped through 'blank' and 'test' channels and samples were then aspirated in the normal way: alterations in absorbance in both channels should parallel one another and no net activity should be recorded if the blank and test channels are properly balanced. In (Fig. 2) ; (b) difficulties in matching the flow rates in the 'blank' and 'test' pump tubes. After correction of these faults, the blank correcting procedure appeared to be satisfactory.
Linearity
The relationship between enzyme concentration and enzyme activity (peak height) measured on the AutoAnalyzer was investigated by assaying dilutions of both pooled human serum and commercial control sera (Fig. 3) . Good linearity was obtained for the AST method up to 300 iu/l and for the ALT method up to 600 iu/l.
Correlation with reaction rate analysis Serum samples were analysed by both the AutoAnalyzer and the reaction rate analyser, both analyses being performed on the same day. Typical examples of a single day's results are shown in Figs. 4 and 5 ; similar results were obtained on other days (Table I) . It can be seen that the results obtained by the two methods are in good agreement on any one day; in particular, if differences due to standardization are allowed for, results in the borderline normal1 abnormal range (30-40 iu/1) rarely differ by more than 3 iu/l within the limits of precision of the two instruments.
Standardizatioli
There are two features of the slope of the line relating enzyme activity of serum specimens on the Comparison of two-point (AutoAnalyzer 11) with kinetic methods for transaminase assay AutoAnalyzer and on the reaction rate analyser (Table I) . First, the slope of the line was rather variable: it was possible to attribute this to two factors: (a) within-batch variation in the enzyme activity of the control serum used to standardize the AutoAnalyzer; (b) a period during which the instrument used for preparing dilutions for the reaction rate analyser was inaccurately calibrated. Secondly, the slope of the line for the ALT correlations was not unity, although identical results were obtained on the two instruments for the commercial control serum used to standardize the AutoAnalyzer. This discrepancy was attributed to differences in the origin of the enzyme present in the control serum or to differences in its overall composition; similar discrepancies occurred with other control sera for both AST and ALT methods. From these results, it seems that commercial control material is only suitable for the standardization of AutoAnalyzer transaminase methods if the numerical value to ascribe to this material is considered very carefully. Unfortunately, it is not satisfactory either to use the value given by the manufacturers or to use the value obtained in the user's laboratory using a reference method (eg, Henry et al, 1960) . In our opinion, standardization should first be effected using human serum, pooled if necessary, which has been assayed by an appropriate kinetic technique. Thereafter, it may be convenient, for the day-to-day running of the method, to use commercial control material for standardization, provided that the value ascribed to this material is that previously obtained on the AutoAnalyzer using the human serum as standard.
PRECISION
One of the principal causes of lack of precision of continuous flow methods is 'carry over' (interaction).
Experiments conducted as recommended by Broughton, Buttolph, Gowenlock, Neill, and Skentelbery (1969) with sera of high, intermediate, and low transaminase activity (200, 100 and 20 iu/l for AST; 400, 150 and 25 iu/l for ALT) showed that carry over varied between I 0 % and 2 5 %.
Overall performance in terms of precision was assessed from the results for commercial control sera for within-batch precision, and from the results of serum specimens analysed on successive days for between-batch precision (Table II) . There was little difference between the figures obtained for the AutoAnalyzer and the reaction rate analyser.
COSTS
Accurate costing of laboratory methods, considered in isolation, is almost impossible. However, an attempt has been made to obtain an approximate cost of both AutoAnalyzer and reaction rate analyser methods. The results are based on an assumed work load of 100 AST and 100 ALT analyses per day (Table III) .
There is little difference in reagent costs providing these are prepared in the laboratory. Similarly, the use of the packaged AST reagents adds little to the overall cost of the analysis. However, the packaged reagent cost for the ALT analysis is unduly high, and it seems advisable to undertake the small amount of additional work involved in preparing fresh reagents in the laboratory. The cost of chemicals for the ALT analysis can be further reduced by decreasing the concentration of lactate dehydrogenase in the enzyme/coenzyme reagent and using DL-alanine (at twice the concentration) in place of L-alanine. Neither of these alterations affected the results.
Therefore, there are only insignificant differences in the overall cost of running the two types of instrument. Considerations of work load size and the Alanine Transaminase During the period of approximately two months during which the AutoAnalyzer was in use, on average three to four hours per day, the following mechanical faults occurred: (1) malfunction of sampling mechanism of sampler IV, fault rectified relatively easily; (2) dialyzer on ALT blank channel developed a leak at one end; the dialyzer unit had to be replaced. There was also a tendency for the sample probe to block; this occurred about once in every three or four runs and was easy to detect but inconvenient. A partial block which occurred in the blank side of the sample 'stream splitter' was only detected after the completion of the run when the results were seen to be too high. Overall, the AutoAnalyzer was mechanically reliable but occasionally developed faults in the ALT flow system which were not detected immediately. In our experience, reaction rate analysers are also fairly reliable, possibly less so than AutoAnalyzers, but are prone to develop trouble in the substrate delivery pumps if these are not maintained meticulously.
Conclusion
In this study we have confirmed the original findings of Kessler, Rush, Leon, Delea, and Cupiola (1970) that the results produced by the AutoAnalyzer II for AST and ALT analysis are comparable, in terms of accuracy and precision, with those produced by reaction rate methods. Similarly, there is little difference between the overall cost of running the two types of analysis. There are, however, certain practical and theoretical considerations which may influence the user towards one or other of the two types of instrument.
Reaction rate analysis has the following advantages: (1) (1) At present, the most widely used reaction rate monitor has no automatic built-in sample dilution facility, whereas the AutoAnalyzer samples automatically. (2) Many tests in the laboratory are performed as a 'group', eg, 'liver function tests' may consist of bilirubin, alkaline phosphatase, and ALT. Little additional work is involved in incorporating an AutoAnalyzer transaminase channel into such a system if the other analyses are performed on this equipment. On the other hand, considerable extra work is involved in transferring and diluting samples if different types of equipment are being used for the constituent methods in the group.
The knowledge that the AutoAnalyzer and reaction rate analyser methods of transaminase assay give similar results is also of value to those laboratories which employ multichannel AutoAnalyzer systems (eg, SMA 12/60) for much of their routine work load or for screening or profiling purposes.
Laboratories faced with the choice of whether to select continuous-flow or reaction-rate methods of transaminase assay must decide whether the theoretical and relatively minor practical analytical advantages of reaction rate analysis outweigh the greater convenience, at present, of using continuous flow methods.
If the AutoAnalyzer is used, test and blank channels must be closely matched for filters and tube sizes. Any standard used should be checked against human serum which has been itself standardized by reaction rate analysis. A serum blank may be necessary for the AST analysis if the patient is uraemic. For ALT analysis, some saving in cost can be achieved by reducing the lactate dehydrogenase concentration.
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